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(57) An embolic protection device is disclosed for
placement through the descending aorta and over the
aortic arch to inhibit emboli release into the aortic side
branch vessels while allowing simultaneous access to
the aortic valve by at least one interventional and/or
diagnostic catheter being introduced from the descend-
ing aorta. The filter body comprises a tubular porous
mesh material and has an open upstream end to allow

entry of blood flow and emboli and an open downstream
end to allow entry of multiple catheters. The filter body
includes at least one catheter access path parallel to said
at least one passage through the filter body, and the filter
body has one or more support structures or wires that
provide longitudinal stiffness to the device to prevent
compression or movement of the filter during a proce-
dure.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Pro-
visional Application Nos. 62/272,643 (Attorney Docket
No. 41959‑711.101), filed December 29, 2015;
62/294,018 (Attorney Docket No. 41959‑711.102), filed
February 11, 2016; 62/297,053 (Attorney Docket No.
41959‑712.101), filed February 18, 2016, and U.S. Pa-
tent Application No. 15/137,924 (Attorney Docket No.
41959‑712.201), filed April 25, 2016, the full disclosures
of which are incorporated herein by reference.
[0002] The disclosure of this application is also related
to the disclosures of commonly owned, co-pending U.S.
Patent Application Nos. 14/537,814 (Attorney Docket
No. 41959‑707.201), filed November 10, 2014 and
U.S.PatentApplicationNo. 13/735,864 (AttorneyDocket
No. 41959‑705.201), filed January 7, 2013, the full dis-
closures of which are incorporated herein by reference.
Priority is not being claimed from the applications listed in
this paragraph.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention. The present invention
relates generally to medical devices and methods and
more particularly to apparatus andmethods for providing
embolic protection to a patient’s aortic arch vessels dur-
ing cardiac surgery and interventional cardiology proce-
dures.
[0004] Cerebral embolism is a known complication of
cardiac surgery, cardiopulmonary bypass, and catheter-
based interventional cardiology and electrophysiology
procedures. Embolic particles, including thrombus,
atheroma, and lipids, may become dislodged by surgical
or catheter manipulations, enter the bloodstream, and
"embolize" to the brain or other vital organs downstream.
Cerebral embolism can lead to neuropsychological def-
icits, stroke, and even death. Other organs downstream
of an embolic release can also be damaged, resulting in
diminished function or organ failure.
[0005] Of particular interest to the present invention, a
number of procedures are performed on aortic valves
using catheters advanced over the patient’s aortic arch.
Valvuloplasty procedures have been performed formany
years and use high pressure balloons advanced over the
aortic arch to disrupt calcifications on the aortic valve.
Such procedures present a significant risk of emboli
release to the cerebral arteries. More recently, percuta-
neous aortic valve replacement (PAVR) procedures, also
known as transcatheter aortic valve implantation (TAVI)
procedures or transcatheter aortic valve replacement
(TAVR) procedures, have been approved, and their
use has become widespread. While offering many pa-
tient benefits, theyalsopresent a significant riskof emboli
release, particularly when performed transvascularly
with catheters introduced over the aortic arch.

[0006] The prevention of embolism in these and other
procedures would benefit patients and improve the out-
come of many surgical procedures. Given that potential
emboli are often dislodged during catheter-based proce-
dures that involve more than one access site and more
than one procedural device, it would be advantageous to
deploy an embolic protection system that provides multi-
ple access paths throughor beyond the protectiondevice
to perform diagnostic and interventional procedures with
multiple catheters. It would be further advantageous to
integrate the embolic protection system on a sheath that
is being used to perform the procedure, such as is used
with an angiographic diagnostic catheter, a transcatheter
valve delivery system, and an electrophysiology cathe-
ter.
[0007] U.S. Patent Publ. No. 2015/0066075, com-
monly assigned herewith, describes an introducer
sheath, intended specifically for use in valvuloplasty
and TAVR procedure, which addresses some of the
shortcomings of prior embolic protection sheath access
devices. The ’075 sheath includes embolic protection
elements and is suitable for advancing a contrast or other
small catheter through the sheath and a second catheter
throughport formed inafilter.While a significant improve-
ment over previous embolic protection access sheathes
having features, particular designsof the ’075accesscan
be challenging to deploy and retrieve, can lose small
amounts of emboli, and can have a relatively large profile
during deployment.
[0008] Therefore, it would be desirable to provide im-
proved devices, systems, and methods for preventing
embolism during cardiac and other procedures per-
formed over the aortic arch. Such devices, systems,
and methods should offer less complicated deployment
protocols, should have a relatively low profilewhen being
deployed, and should afford reliable and efficient emboli
containment at all times during a procedure. At least
some of these objectives will be met by the inventions
described herein.
[0009] 2. Description of the Background Art. U.S. Pa-
tent Publ. No. 2015/0066075 has been described above.
Other filters and devices for preventing cerebral embo-
lism are described in U.S. Patent Publ. Nos.
2013/0178891; 2010/0312268; 2006/0287668;
2005/0010246; 2005/0283186; 2004/0215167; and
2003/0100940; PCT Publ. WO/2004/019817; and U.S.
PatentNos.8,114,114;7,232,453;6,712,834;6,537,297;
6,499,487; 6,371,935; 6,361,545; 6,258,120; 6,254,563;
6,245,012; 6,139,517; and 5,769,819.

SUMMARY OF THE INVENTION

[0010] The present invention provides methods, sys-
tems, and devices for collecting emboli and in particular
for preventing the release of emboli into the cerebral
vasculature during the performance of interventional
procedures in a patient’s aorta, including aortic valve
replacement, aortic valve valvuloplasty, and the like,
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where there is a risk of emboli being released into the
aortic side vessels, including the brachiocephalic artery,
the left carotid artery, and the left subclavian artery. The
present invention provides embolic protection devices,
tubular filter bodies, and systems andmethods for place-
ment of the devices and filters through the descending
aortaandover theaortic arch to inhibit emboli release into
the aortic side branch vessels while allowing simulta-
neous access to the aortic valve by one, two, three or
more interventional and/or diagnostic catheters being
introduced from the descending aorta, typically by con-
ventional unilateral or bilateral femoral artery access.
[0011] The embolic protection devices include a filter
body and a deployment catheter body connected to the
filter body. The filter body typically comprises a tubular
porous mesh material and has an open upstream end to
allow the entry of blood flow and emboli and an open
downstream end to allow entry of at least one working
catheter and usually two or more working catheters si-
multaneously. The deployment catheter body is directly
or indirectly coupled to the open downstream end of the
filter body, where upstream and downstream refer to the
direction of blood flow, e.g. downstream is toward the
descending aorta and away from the heart and aortic
arch. At least one self-sealing port or passage is provided
in an interior of the filter body, and the deployment cathe-
ter body typically has at least one lumen to provide at
least one access route to an interior of the tubular filter
body for introducing a diagnostic, interventional or other
working catheter through the self-sealing port. Prefer-
ably, one or more additional working catheters may be
introduced through the same self-sealing passage simul-
taneously or sequentially with a first catheter introduced
through the sheath. Additional self-sealing or other ca-
theter-access ports could be included to provide other,
parallel access routes through the filter body but are not
usually necessary as the self-sealing passage will typi-
cally have a diameter which is sufficiently expandable to
allow the simultaneous passage of two ormore catheters
while being able to close to block emboli releasewhenno
catheter is present. Other axially aligned self-sealing
catheter-access ports could also be included to provide
additional emboli capture chamberswithin the filter body.
[0012] In a first specific aspect of the present invention,
an embolic protection device comprises a filter body
formed from a tubular porous mesh material and having
an open upstream end and an open downstream end. A
self-sealing port is spaced inwardly from each of the
ends, and the self-sealing port includes an expandable
opening configured to conform to at least one working
catheter passing therethrough. A radially collapsible sup-
port is coupled to a periphery of the downstream end of
the filter body, and a catheter body having a distal end is
coupled to the radially collapsible support, where distal
refers to a direction on the device away from theoperator,
i.e., further away from the portion of the device that is
outside the body. Similarly, the term proximal refers to a
direction of the device closer to the operator, i.e., nearer

to the portion of the device that is outside the body. A
delivery sheath has a lumen configured to receive and
radially constrain the filter body such that the catheter
body may be distally advanced relative to the delivery
sheath to release the filter body from constraint and to
allow the filter body to radially expand with the support
circumscribing the downstream end of the filter body. In
this way, the catheter bodymay be distally advanced and
proximally retracted relative to the delivery sheath to
move the assembly of the support and filter body out of
and into the lumen of the delivery sheath. In particular,
when advanced out of the delivery sheath, the support
will open to assist in deployment of the downstream end
of the filter body and, when retracted back into the de-
livery sheath, the support will close to collapse the down-
stream end of the filter body prior to the filter body being
drawn into the lumen.
[0013] Inparticular embodiments, thefilter bodyhasan
open cylindrical chamber disposed between a down-
stream end of the port and the downstream end of the
filter body. The port may comprise a wall portion up the
tubular porous mesh material, where the wall portion
folds, inverts, or otherwise deflects radially inwardly as
other wall portions expand when released from radial
constraint from thedelivery sheath. In still other particular
embodiments, the wall portion inverts to form a port
having a conical opening or base on a downstream side.
For example, the inverted wall portion of the tubular
porous mesh material may have a resiliently closed
sleeve portion extending in an upstream direction from
an apex of the conical opening or base which defines the
expandable opening of the port.
[0014] In still further particular embodiments, the ra-
dially collapsible support may comprise a loop secured
around the periphery of the downstream end of the filter
body. The loop may be connected to a tether which
passes throughadeployment lumen in the catheter body.
The loopmay be configured as a lasso to allow the tether
to draw the open end of the filter body closed prior to
drawing the filter body into the lumen of the delivery
sheath. Alternatively, the radially collapsible support
may comprise a scaffold having an open end coupled
to the periphery of the downstream end of the filter body
and a constricted end coupled to the distal end of the
catheter body.
[0015] In still other particular embodiments of the pre-
sent invention, the catheter body will include a lumen for
receiving at least one working catheter so that the work-
ingcathetermaybeadvanced through the lumenand into
the open downstream end of the filter body and then
through the port. The catheter body may further include
at least one additional lumen for receiving a tether at-
tached to the radially collapsible support. Additional lu-
mens may also be provided for other purposes.
[0016] In a second specific aspect of the present in-
vention, a luminal emboli capture device comprises a
filter body formed from a tubular porous mesh material
and having an open upstream end, an open downstream
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end, and at least a first port spaced inwardly from each of
the ends. The port comprises an expandable opening
configured to conform to at least one working catheter
passing therethrough, and the filter bodywill haveat least
an open cylindrical chamber at its downstream end and
an open cylindrical chamber at its upstream end, where
the port is disposed therebetween. The emboli capture
device may further comprise a catheter body having a
distal end coupled to the downstream end of the filter
body.
[0017] In specific embodiments, the porous mesh ma-
terial comprises a fabric of knitted, braided, woven, or
nonwoven fibers, filaments, or wires having a pore size
chosen to prevent emboli over a predetermined size from
passing therethrough. In many embodiments, the fabric
will be double-walled over at least a portion of the tubular
mesh, and the porous mesh material may be made of a
resilient metal, a polymer material, a malleable material,
a plastically deformable material, a shape-memory ma-
terial, or combinations thereof. In further specific cases,
the porous mesh material may have an anti-thrombo-
genic coating on its surface, and the pore size will typi-
cally be in the range fromabout 1mm toabout 0.1mm.An
exemplary porous mesh material comprises a double
layer braid formed from 288 individual wires, including
a combination of 276Nitinol® (nickel-titaniumalloy) wires
and 12 tantalum wires, each wire being 0.002 inch in
diameter, formed to a final double-layermeshdiameter of
between 20 mm and 40 mm.
[0018] In further particular embodiments, the at least
first port is formed from or comprises a wall portion of the
tubular porous mesh material. The wall portion is formed
or shaped, e.g. being thermally shaped and set, so that
the port folds or closes radially inwardly as other wall
portions expandwhen released from constraint. Thewall
portion will typically be pre-shaped to invert to form a port
with a conical opening on a downstream side, and, typi-
cally, a closed sleeve portion extending in an upstream
direction from an apex of the conical opening which
defines the expandable opening of the port. In alternative
embodiments, theportmaybedefinedbyawall portionof
the tubular porousmeshwhich is constricted, pinched, or
otherwise closed radially inwardly but will open in re-
sponse to the passage of the working catheter(s) there-
through. In a particular embodiment, in additional to the
upstreamanddownstreamchambers, the filter bodymay
have one or more open "central" cylindrical chambers
between a downstream end of the first or other port and
an upstream end of the second or other port.
[0019] In a third specific aspect of the present inven-
tion, a clot retrieval system comprises an embolic protec-
tion device as just described in combination with a clot
retrieval working catheter having a clot capture distal
end, where the clot retrieval working catheter is config-
ured to draw retrieved clot in a downstream direction
through an open upstream end on the filter body into a
central chamber.
[0020] In a fourth specific aspect, the present invention

provides a method for advancing a working catheter into
and/or over a patient’s aortic arch. A cylindrical filter body
formed at least partly from a porous mesh is provided.
Thecylindrical filter bodydefinesacollection chamber for
emboli and has an open upstream end, an open down-
stream end, a self-sealing port spaced inwardly from
each of the ends, and a radially collapsible support
coupled to a periphery of the downstream end of the filter
body. A deployment catheter which carries and con-
strains the cylindrical filter body is advanced to a down-
streamside of the aortic archwhile the filter body remains
in its radially constrained configuration, typically with a
previously placed delivery sheath. The cylindrical filter
body is radially expanded so that a wall of the porous
mesh covers the patient’s aortic side or branch vessels
and the open upstream end of the filter body faces the
patient’s heart. Blood flows into an interior of the filter
body through the open upstream end, and emboli collect
in the collection chamber. As the filter body is deployed,
the support radially expands to hold the downstream end
of the filter body open, and blood flowing through the
porous mesh of the filter body and into the aortic side
vessels is substantially emboli free. After the filter body is
deployed, a first working catheter can be advanced
through the open downstream end of the filter body
and through the self-sealing port and toward the heart.
Optionally, a second working catheter may be advanced
through the open downstream end of the filter body and
through the self-sealing port toward the heart, either
simultaneously or sequentially with placement of the first
working catheter.
[0021] In particular embodiments, a first diagnostic or
interventional procedure may be performed with the first
working catheter and a second diagnostic or interven-
tional procedure may be performed with the second
catheter. It will be appreciated that third, fourth, and
additional working catheters may also be introduced
and advanced either simultaneously or sequentially with
other working catheters.
[0022] The first working catheter is typically introduced
through a lumen in the deployment catheter, and the
second working catheter may be introduced in parallel
to the deployment catheter. In this way, the delivery
profile of the deployment catheter can be minimized. In
one example, a first working catheter will be used to
introduce contrast media to an interventional site while
a second working catheter will perform an interventional
procedure at that site. More specifically, the interven-
tional procedure may comprise delivery of a prosthetic
aortic valve, performance of valvuloplasty, or the like.
[0023] In still further particular embodiments, the de-
ployment catheter is advancedwhile present in a delivery
sheathwhich radially constrains the cylindrical filter body.
Radially expanding the cylindrical filter body may com-
prise proximally retracting the delivery sheath relative to
the deployment catheter. Typically, the radially expanded
filter body is retrieved by retracting the deployment ca-
theter to collapse the radially collapsible support to close
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theopendownstreamendof thefilteranddraw theclosed
downstreamendof thefilter body into thedeliverysheath.
More specifically, retracting the deployment catheter to
collapse the radially collapsible support may comprise
retracting a tether present in the lumenof the deployment
catheter to first collapse the radially collapsible support to
close the downstream end of the filter body and then to
retract the deployment catheter to draw the closed down-
stream end of the filter body into the delivery sheath.
[0024] In still further embodiments, the filter may con-
tain one or more support structures or wires that provide
longitudinal stiffness to the device to prevent compres-
sion ormovement of the filter during the procedure. Such
wires or structures may extend the full length of the
device or only for a portion of its length and such wires
or structures shall be either fixedly or slidably attached to
the access sheath.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

Fig. 1 is a partially exploded view of a first embodi-
ment of an embolic protection device constructed in
accordance with the principles of the present inven-
tion.
Fig. 2 is a detailed view of the connection between a
filter body and a deployment catheter body of the
embolic protection device of Fig. 1.
Fig. 3 is a detailed view shown in partial section of a
tether structurewhichconnectsadownstreamendof
the filter body to an upstream or distal end of the
catheter body of the embolic protection device of Fig.
1.
Figs. 4and5 illustrateuseof apeel-awaycatheter for
introducing the filter body of the embolic protection
device of Fig. 1 into a port of a delivery sheath for
advancement to an aortic arch in accordance with
the principles of the methods of the present inven-
tion.
Fig. 6 illustrates the contralateral positioning of the
delivery sheath for placement of the embolic protec-
tion device and a separate transcatheter aortic valve
replacement (TAVR) catheter as would be used for
placement of a prosthetic heart valve using the em-
bolic protection device of the present invention.
Figs. 7A‑7ZZ illustrate positioning of the embolic
protection device of the present invention over a
patient’saortic archanddeliveryofaprostheticaortic
valve through the embolic protection device in ac-
cordance with the methods of the present invention.
Figs. 8A‑8E illustrate a number of different folding
patterns for a tubular porous mesh material in order
to form filter bodies useful in the embodiments of the
present invention.
Fig. 9 illustrates a second embodiment of an embolic
protectiondevice constructed in accordancewith the
principles of the present invention.

Fig. 10 illustrates a third embodiment of an embolic
protectiondevice constructed in accordancewith the
principles of the present invention.
Fig. 11 illustrates a fourth embodiment of an embolic
protectiondevice constructed in accordancewith the
principles of the present invention.
Fig. 12 illustrates use of the device of Fig. 11 for
introducing a second working catheter through a
self-sealing port of the embolic protection device
of Fig. 11.
Figs. 13A‑13C illustrate a fifth embodiment of an
embolic protection device constructed in accor-
dance with the principles of the present invention,
and further show a step wise formation of a self-
sealing valve in a filter body of the device.
Fig. 14 illustrates placement of a sixth embodiment
of an embolic protection device constructed in ac-
cordance with the principles of the present invention
over a patient’s aortic arch.
Figs. 15A‑15C illustrate different folding patterns
which can be used to provide self-sealing ports in
the filter bodies of the present invention.
Figs. 16A‑16E illustrate theuseof a filter bodysimilar
to that shown in Fig. 15B for capturing clot in a
second exemplary method of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0026] As shown in Figs. 1‑3, an embolic protection
device 10 constructed in accordance with the principles
of the present invention comprises a filter body 12 having
an open upstream end 16 and an open downstream end
18. The filter body 12 is typically formed from a porous
mesh material, more typically a tubular porous mesh
material which is preformed to have a self-sealing port
20 with an expandable opening 22 located between the
openupstreamend16and theopendownstreamend18,
typically closer to the open downstream end as illu-
strated. Specific folding patterns for the filter body 12
are described below with reference to Figs. 8A‑8E, and
several exemplary alternative folding patterns are de-
scribed below in connection with Figs. 15A‑15C.
[0027] A radially expandable/collapsible support 24 is
secured at the open downstream end 18 of the filter body
12, as best seen in Fig. 2. The radially collapsible support
24 may comprise a tube 34 (Fig. 3) having a pull wire 36
with a loop 37 formed at its distal end. The loop 37 is
securedabout theperipheryof theopendownstreamend
18 of the filter body 12 so that it may act as a "lasso" or a
"purse-string" component for opening and closing the
open downstream end 18. In particular, by proximally
retracting the pull wire 36 within the tube 34 (to the right
in Fig. 3), the loop 37 may be closed. Conversely, by
distally advancing the pull wire 36 relative to the tube 34,
the loop 37 may be open. As described in more detail
below, by axially advancing and retracting the tether
structure 32, the filter body 12may be positioned relative
to a deployment catheter body 28.
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[0028] The self-sealing port 20 of the filter body 12
divides the filter body into an upstream cylindrical cham-
ber 26A and a downstream cylindrical chamber 26B.
Each of the chambers 26A and 26B will be generally free
from internal structure, and theself-sealingport 20will act
to divide the two chambers and, in particular, to prevent
passage of emboli which may enter the upstream cham-
ber 26A into or beyond the downstream chamber 26B.
The downstream cylindrical chamber 26B acts to receive
and facilitate introduction of working catheters into and
through the self-sealing port 20 in order to perform inter-
ventional procedures upstream of the filter body 12when
the filter body is deployed in the aorta or other blood
vessels.
[0029] The deployment catheter body 28 has a distal
end 30 and at least a first lumen 38 for carrying the tether
structure 32 and a second lumen 40 which serves as a
working lumen for introducing interventional or working
catheters therethrough, such as TAVR catheters for de-
ploying prosthetic aortic valves as will be described in
detail below.
[0030] A proximal or control hub 29 is coupled to a
proximal end 31 of the deployment catheter body 28. A
proximal end 33 of the tether structure 32 extends from
the control hub 29 and allows a user to manipulate the
tether structure, and including both axial retraction and
advancement of the tether structure as well as opening
and closing of the loop 37. The control hub 29 also has a
port 35 which opens to the second lumen 40 in the
catheter body 28 for allowing passage of guide wires,
working catheters, and the like.
[0031] The filter body 12 will typically be self-expand-
ing. By "self-expanding," it ismeant that the filter bodywill
be resilient and have a normally open or expanded con-
figuration when free from radial and/or axial constraint.
By either radially contracting or axially extending the filter
body, the diameter or profile of the filter body will be
reduced so that it can be intravascularly introduced to
a working site in the patient’s vasculature, typically over
the aortic arch but optionally in other locations as well.
Additionally, by radially collapsing and/or axially extend-
ing the filter body, the self-sealing port within the filter
body will be unfolded and axially extended.
[0032] The self-sealing port 20 will be self-forming,
typically having a conical base 56 and an extending
sleeve 58, as shown in Fig. 1. The self-sealing port 20
will have at structure which is formed by folding and
inverting the generally tubular structure of the filter body
as the radius of the filter body increases and the length of
the filter body axially shortens. The necessary fold lines
will be pre-formed into the filter body, typically by heat
treatment. In exemplary embodiments, the filter body will
be formed as a Nitinol® (nickel-titanium alloy) thin wire
mesh which will be formed to have the fold lines de-
scribed in more detail with reference to Figs. 8A‑8E
below. These pre-formed fold lines will allow the filter
body to be axially elongated and radially collapsed to
have a low profile during delivery, typically having a

delivery diameter below 12 Fr (French), often below 10
Fr. Conversely, the filter body will typically open to an
unconstrained width or diameter above 5 mm, often
above 15mm more often above 25mm, and typically in
the range from 25mm to 40mm. As will be described in
more detail below, the filter body 12 will be introduced in
its low profile configuration through a delivery sheath 42
which has been pre-placed in the patient’s artery, typi-
cally through the femoral artery over the aortic arch. In
order to advance the filter body into the delivery sheath
42, however, it is necessary to temporarily constrain the
self-expandingfilter body12.Thismaybeachievedusing
a peel-away sheath 48, as shown in Figs. 4 and 5. The
filter body 12 is axially elongated and radially collapsed
and drawn into the lumen of the peel-away sheath 48, as
shown in Fig. 4. The peel-away sheath covers the filter
body 12 with the catheter body 28 extending from a
proximal end of the peel-away sheath 48. The temporary
assembly of the peel-away sheath and the catheter body
28 can be introduced over a guidewire structure 46which
has been pre-placed through a distal port 44 of the
delivery sheath 42, as shown in Fig. 4, with the sheath
then being advanced through the distal port 44, as shown
inFig. 5.Once the distal end of the filter body 12has been
introduced through theport 44 into theproximal endof the
delivery sheath 42, the peel-away sheath may be re-
moved as the filter body continues to be introduced into
the delivery sheath 42. To facilitate delivery, each of the
delivery sheath 42 and the peel-away sheath 48 may
have ports to allow the introduction of fluids into their
lumens.
[0033] Asshown inFig. 6, the delivery sheath 42will be
introduced through the patient’s groin into a femoral
artery and up and over the aortic arch in a conventional
manner. A second sheath 50, typically for introducing a
TAVR or other interventional or working catheter, will be
positioned in the contralateral femoral artery for introdu-
cing the working catheter up the aorta and over the aortic
arch AA in parallel to the delivery sheath 42. Such posi-
tioning will be intended for prosthetic valve placement or
other interventional procedures on the patient’s P heart
H.
[0034] Referring now to Figs. 7A‑7ZZ, a particular
protocol for introducing a prosthetic valve PV into the
patient’s native aortic valve AV will be described. As
shown in Fig. 7A, the delivery sheath 42 is initially placed
over the guidewire structure 46 as just described with
reference to Fig. 6. The catheter body 28 is then ad-
vanced through the inner lumen of the delivery sheath 42
such that the radially constrained filter body 12 ap-
proaches the open distal end 52 of the delivery sheath.
[0035] By then holding the catheter body 28 relatively
still or stationary and retracting thedelivery sheath 42 in a
proximal direction, i.e., away from the patient’s aortic
valve AV, the distal end of the filter body 12 will be
released from constraint so that the tubular porousmesh
14 will begin to radially expand, as shown in Fig. 7B. The
delivery sheath 42 continues to be proximally retracted,
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as shown Fig. 7C, so that the tubular porous mesh 14
expands and engages the inner wall of the ascending
aorta immediately above the aortic valve AV. As shown in
Fig. 7D, the delivery sheath 42 continues to be proximally
withdrawn, allowing the tubular porous mesh 14 to con-
tinue to expand and to begin covering the branch vessels
BV, with relative full deployment of the upstream cylind-
rical chamber 26A of the filter body 12 shown in Fig. 7E.
As also shown in Fig. 7E, the self-sealing port structure
20 is at its very initial stages of being formed, with further
formation being shown in Fig. 7F.
[0036] Asshown inFig. 7G, the conical base56ofwhat
will become the self-sealing port 20 is largely formed, and
the downstream cylindrical chamber 26B begins to form
as shown in Fig. 7H. The downstream cylindrical cham-
ber 26B is largely formed as shown in Fig. 7I while the
self-sealing port 20 is just beginning to form. By then
advancing the catheter body 28 in the direction toward
the aortic valve AV, as shown in Fig. 7J, a narrowed
segment of the tubular porousmesh14will begin to invert
to form the sleeve structure 58 of the port 20. As also
apparent in Fig. 7I and 7J, the radially collapsible support
24, in the form of the loop 37, opens to open and support
the open distal end of the downstream cylindrical cham-
ber 26. It is this support structure 24 which allows the
catheter body 28 to manipulate the downstream portion
of the filter body 12 so that the downstream cylindrical
chamber 26B can be advanced distally or toward the
aortic valve AV relative to the upstream cylindrical cham-
ber 26A. The radially expandable/collapsible support
24A will also be useful when retracting the filter body
12 at the end of the procedure, as will be described in
more detail below.
[0037] The fully deployed self-sealing port 20 is shown
in Fig. 7K with the sleeve 58 defining the expandable
opening 22 and the conical base 58 facilitating introduc-
tion of catheters from the downstream end, as shown in
more detail below.
[0038] In specific examples, the guidewire structure 46
may include an external support tube which may be
retracted and withdrawn to leave the guidewire in place,
as shown inFig. 7L. A diagnostic catheter 60may thenbe
advanced over the guidewire 46, as shown in Fig. 7M
typically being used for angiography. This port 20 will
expand to accommodate the diameter of the diagnostic
catheter 60 while sealing around the catheter to prevent
any emboli from passing through the port.
[0039] After withdrawing the diagnostic catheter 60,
another guidewire 62 may be introduced for advancing
aTAVRdelivery catheter 64,asshown inFig. 7N.Thefirst
catheter structure46will typically be left in placealthough
it is not visible in Fig. 7N. TheTAVRdelivery catheter 64 is
then advanced over the patient’s aortic arch AA, as
shown in Fig. 7O, until it passes through the native aortic
valve AV, as shown in Fig. 7P. A prosthetic valve PV will
then be released from the TAVR catheter 64, as shown in
Fig. 7Q. It shouldbeappreciated that during theadvance-
ment of theTAVRcatheter 64over theaortic archAA, and

in particular during release of the prosthetic valve PV,
there is a substantial risk of emboli being released as the
aortic arch and the aortic valve AV may be heavily calci-
fied. If such emboli are present, they will be carried over
the aortic arch and through open upstream end 16 of the
filter body 12 so that they enter and are contained within
the upper cylindrical chamber 26A. In particular, the
tubular porous mesh 14 will prevent emboli of any sig-
nificant size from entering any of the branch vessels BV
while allowing blood flow into these vessels. The sleeve
58 of the self-sealing port 20 will conform to and seal
around theexterior of theTAVRdelivery catheter 64, thus
inhibiting or preventing accidental passage of emboli
through the port while it is expanded to permit catheter
passage.
[0040] After the prosthetic valve PV has been re-
leased, as shown in Fig. 7Q, the TAVR delivery catheter
64 will be proximally retracted over the guidewire 62, as
shown in Fig. 7R. The first guidewire 46 is also shown in
Fig. 7R. The TAVR delivery catheter 64 continues to be
withdrawn and exits through the self-sealing port 20
which then closes over the guidewire 46, as shown in
Fig. 7S and 7T. The TAVR guidewire 62 is then pulled
back through the aorta, as shown in Fig. 7T.
[0041] After the TAVR catheter 64 and guidewire 62
have been withdrawn, the prosthetic valve PV is in place
and it is necessary to withdraw the filter body 12 from the
aortic arch AA. As shown in Fig. 7U and 7V, the tether
structure 32 is manipulated to close the loop 37 of the
radially collapsible support 24. In addition to closing the
loop37, theproximal endof the filter structure 12 is drawn
to the distal end of the catheter body 28, and the catheter
body 28 retracted to draw the filter body into the delivery
sheath 42, as shown in Fig. 7W.
[0042] Thecatheter body28continues to beproximally
withdrawn so that it pulls the downstream cylindrical
chamber 26 into the delivery sheath 42, as shown in
Fig. 7X, and continues to be proximally withdrawn until
the entire filter body 12 is drawn into the delivery sheath
42, as shown in Figs. 7Y, 7Z, and 7ZZ. The filter body and
all emboli contained therein are then safely captured
within the delivery sheath 42, and the delivery sheath
42may be withdrawn from the patient and the procedure
may be completed in a conventional manner.
[0043] The porous filtermeshmaterialmay comprise a
variety of knitted, woven or nonwoven fibers, filaments or
wires, and will have a pore size chosen to allow blood to
pass through but prevent emboli above a certain size
frompassing through. Suitablematerials include resilient
metals, such as shape and heat memory alloys, poly-
mers, and combinations thereof, and the materials may
optionally have an anti-thrombogenic coating (such as
heparin) on their surfaces. The filter meshes may further
incorporate materials and structures to enhance the
radiopacity of the filter body.Exemplarymaterials include
gold, platinum, palladium, or tantalum, and other metals
having a greater radiopacity than the resilient metals, as
well as radiopaque coatings or fillings. In other cases, the
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resilient metal filaments or wires may be served with
thinner, more radiopaque wires or filaments.
[0044] The filter body maybe constructed in discrete
sections that are attached together, butwillmore typically
be formed from a continuous cylindrical mesh structure
that is narrowed or folded in sections to form the specific
design features, typically consisting of a single such
folded tubular mesh structure. Forming the device from
one continuous cylindrical mesh allows the filter body to
be axially stretched for deployment and/or retrieval,
thereby reducing the profile of the filter. Another advan-
tage of a filter formed from a single, continuous tabulate
meshmaterial is that it will contain only smooth, rounded
edges. Such edges minimize friction and snagging with
catheters and the procedural tools being introduced
through the filters.
[0045] The self-sealing port may be configured as a
conical structure with the access port at its narrow end,
typically formed by a sleeve as described previously. In
other embodiments, as illustrated below, the self-sealing
port may be a simple narrowing of the cylindrical struc-
ture, e.g. a self-closing neck region which seal around
catheters andother tools introduced therethrough.What-
ever the particular geometry, the self-sealing port can be
formed by shape-setting a larger, tubular or cylindrical
mesh in a reduced diameter via heat treatment or cold
forming. In addition, other embodiments of the self-seal-
ing port can be straight, contain a twist, be corrugated,
have a flattened section, or possess other features that
assist in its ability to close around procedural devices
sufficiently to inhibit or prevent emboli from passing
throughwhen a catherter is in place. In still other embodi-
ments, the filter body may contain two or more such self-
expanding port structures.. The port 20 may accommo-
date a single device (such as a guidewire, catheter, valve
delivery system, pacing lead, etc.), two devices or more
than two devices simultaneously and can expand and
contract to maintain a sufficient seal around multiple
devices as needed. Further, such devices can be intro-
duced through the downstream cylindrical chamber 26B
and into the port 20 byway of the working lumen 40 of the
catheter body 28 or directly byway of a second sheath 50
in an alternative access site, or in some combination
thereof.
[0046] Referring now to Figs 8A‑8E, a number of dif-
ferent patterns for forming the tubular porous mesh ma-
terial 14 of the present invention into a filter body 12
having the self-sealing port 20 between the upstream
cylindrical chamber 26A and the downstream cylindrical
chamber 26B are illustrated. It will be appreciated that
each of the structures in Figs. 8A‑8B begins with a single
layer tube of a mesh material as just described. In the
configurationofFig. 8A, the tubular structure is first folded
into a bi-layer structure having a fold 14A in its middle.
The bi-layer structure is then folded back upon itself and
inverted in order to form the illustrated filter body 12a
having a structure which is then heat set in the fully
radially expanded configuration.

[0047] The filter body 12b of Fig. 8B similarly begins as
a bi-layer tubular mesh with a single fold 14B at one end.
The bi-layer structure is then folded similarly to the pat-
tern of Fig. 8B, except that the open end of cylindrical
chamber 26A is folded in an inwardly inverted pattern
rather than in a simple fold-back pattern as shown in Fig.
8A.
[0048] The filter body 12c illustrated in Fig. 8C is again
similar in most respects to the fold pattern of filter 12a of
Fig. 8A, except that the open end of the upstream cylind-
rical chamber 26A has an inner layer folded over an outer
layer to formadistal cuff,where the inner layer terminates
within the folded-back outer layer.
[0049] The filter body 12d illustrated in Fig. 8D is in
manyways the inverse of that filter body 12a of Fig. 8A. A
single fold 14D in the original single-layer tubular cylinder
is located at the open end of the upstream cylindrical
chamber 26A. Theopendownstreamendof downstream
chamber 26B is folded back on itself to form a cuff
structure.
[0050] Filter body 12e as illustrated in Fig. 8E is the
simplest structure of all where folding of the downstream
cylindrical chamber 26B is similar to that in Figs. 8A‑8C,
but theopenendof theupstreamcylindrical chamber26A
terminates with the inner and outer layers open and not
folded back at all.
[0051] Fig. 9 illustrates a first alternative embodiment
of an embolic protection device 70 constructed in accor-
dance with the principles of the present invention. A filter
body 72 has an open upstream end 74 and a closed
downstream end 76. A self-sealing port 78 is formed in
the closed downstream end 76, and a support structure
82 is attached at a downstream end of the filter body. The
support structure 82 comprises apair of struts and canbe
made of a material (such as a shape memory alloy) that
can be compressed for delivery and expanded in situ by
the release of a constraining sheath 86. The support is
fixedly or movably attached to a deployment catheter
body 80 via a collar 84. A distal or upstream end of the
catheter body 80 passes through the closed end76 of the
filter body 72 adjacent to the self-sealing port 78.
[0052] Fig. 10 illustrates a second alternative embodi-
ment of an embolic protection device 90 constructed in
accordancewith the principles of the present invention. A
filter body 92 with a closed downstream end 93 is at-
tached to a deployment catheter body by fully circumfer-
ential support structure 96. The support structure 96
comprises "stent-like" diamond elements over the region
where the support structured overlaps and is attached to
themeshmaterial of thefilter 92.Thesupport structure96
is fixedly or movably attached to a deployment catheter
body94viaacollar 100andaplurality of struts 98.Adistal
or upstream end of the catheter body 94 passes through
the closed end 93 of the filter body 92 adjacent to a self-
sealing port 99.
[0053] Figs. 11 and 12 illustrate a third alternate em-
bodiment of an embolic protection device 102 having a
conical mesh self-sealing port 108 in a closed end 106 of
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a filter body 104. A deployment catheter body 114 is
attachedbyacollar 116.Adeliverysheath118 isprovided
for delivery and traction of the filter body 104. In Fig. 11, a
distal or upstream end of the catheter body 114 is dis-
posed through the self-sealing port 108 and provides an
introductory lumen or other path through the port adja-
cent to the self-sealing port 108. In Fig. 12, a TAVR
delivery or other working catheter is introduced through
the self-sealing port in parallel to the catheter body 114.
The periphery of the self-sealing port 108 will be suffi-
ciently compliant (elastic) to conform to and seal against
both catheters simultaneously.
[0054] Figs. 13A‑13C illustrate a fourth alternative em-
bodiment of an embolic protection device 130 con-
structed in accordance with the principles of the present
invention. A filter body 132 comprises a double layer of
mesh throughoutmost of thefilter,with anadditional layer
or cuff150 (fora total of three layers)at adownstreamend
to increase the anchoring strength of the filter in this
portion of the device. Fig. 13A shows the embolic protec-
tion device 130 in its relaxed configuration, while Figs.
13Band13Cshow theembolic protectiondevice130as it
is axially stretched in the direction of arrows 146 into a
delivery or retrieval configuration. Since a self-sealing
port 134andother device featuresare integrally ormono-
lithically formed within a continuous cylindrical mesh
structure, these features effectively disappear when
the filter body 132 is fully stretched out in the axial direc-
tion. This ability to stretch out and eliminate internal
structure minimizes the device profile. The construction
of the filter from one continuous cylindrical surface also
avoids manufacturing complexity and maintains a
smooth contact surface throughout the device to reduce
the friction of procedural tools passing through the filter.
The filter body is attached to a deployment catheter body
144byastent-like peripheral support structure140which
overlaps or overlies a downstream cylindrical chamber
139 of the filter body 132. The self-sealing port 134 may
comprise a conical base 136 and a sleeve 138 generally
as described previously.
[0055] Fig. 14 illustrates the embolic protection device
130 deployed over a patient’s aortic arch to protect the
branch vessels as an interventional catheter is delivered
in an upstreamdirection through the self-sealing port 134
toperformaprocedure, suchas valvuloplasty orTAVR,at
the aortic valve AV.
[0056] Figs. 15A‑15Cshowsalternative configurations
of the filter body of the present invention. Fig. 15A shows
a filter body 160 comprising an upstream cylindrical
chamber 162 and a downstream cylindrical chamber
164 separated by a simple narrowing or neck 166 formed
in the cylindrical mesh material. The cylindrical mesh
materialmaybesingle-walled, double-walled, havemore
than two layers over some or all of the wall area, or
combinations thereof, and this filter body configuration
can be combined inmost or all of the embodiments of the
embolic protection devices of the present invention de-
scribed previously.

[0057] Fig. 15B shows a filter body 170 comprising an
upstream cylindrical chamber 172, a central cylindrical
chamber 174, and a downstream cylindrical chamber
178 separated by a necks 180 and 182, respectively. It
will be appreciated that such multiple cylindrical cham-
bers could be separated by any of the self-closing port
structures described previously. The downstream end of
the downstream cylindrical chamber 178 may be gath-
eredor closed, as illustrated, and thefilter body170witha
closed downstreamendmay findparticular use in the clot
capture configurations described in Figs. 16A‑16E be-
low. As with previous embodiments, the cylindrical mesh
material of filter body 170 may be single-walled, double-
walled, have more than two layers, or be combinations
thereof, andmulti-chamber filter body configurations can
be combined in most or all of the embodiments of the
embolic protection devices of the present invention de-
scribed previously, although the downstream end of the
downstream chamber will have to be opened.
[0058] Fig. 15C shows a filter body 200 comprising an
upstream cylindrical chamber 202, a central cylindrical
chamber 204, and a downstream cylindrical chamber
206 separated by a neck 208 and a self-sealing port
210, respectively. The downstream end of the down-
stream cylindrical chamber 206 is open, and the multi-
chamber filter body 200 can be combined inmost or all of
the embodiments of the embolic protection devices of the
present invention described previously. The cylindrical
mesh material of filter body 200 may be single-walled,
double-walled, have more than two layers, or be combi-
nations thereof.
[0059] Figs. 16A‑16E showa specific procedural using
the filter body 170 of Fig. 15B for capturing clot and/or
thrombus in a cardiac, peripheral, or cerebral blood ves-
sel BV. Such devices and protocols will be particularly
useful for clot/thrombus retrieval in a cranial vessel to
treat acute ischemic stroke. As shown in Fig. 16A, the
gathered end 179 of the filter body 170 is attached to a
distal end of a deployment catheter 210, and the catheter
210 is advanced through amicrocatheter 230 (Fig. 16E).
A clot capture catheter 220, such as a Merci® retriever
catheter, having a clot capture element 222, such as a
helical tip at its distal end is advanced through the cathe-
ter 220, the filter body 170, and into the clot/thrombus
THR, as shown in Fig. 16B. The clot capture catheter 220
is then pulled proximally to draw the clot/thrombus THR
throughneck 180 into the central chamber 174, as shown
in Figs.16B‑16D. After the clot/thrombus THR is in the
central chamber 174, the chance that it will be lost from
the filter is greatly reduced, and any emboli which might
escape through the necks 180 and 182 will likely be
captured in the upstream and downstream cylindrical
chambers 178 and 172, respectively. The upstreamneck
180 will be configured to stretch open to allow the clot
retrieval device and the ensnared thrombus and clot to
pass through, and to close after the clot and/or thrombus
are fully enclosed within the central cylindrical chamber
174. Any debris that may come loose from the clot and
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thrombus is contained by the fully-closed necks 180 and
182 (Fig. 16D), the assembly of the clot retriever 220, the
filter body 170, and catheter body 220 may be safely
withdrawn through the microcatheter 230.
[0060] Modification of the above-described assem-
blies and methods for carrying out the invention, combi-
nations between different variations as practicable, and
variations of aspects of the invention that are obvious to
those of skill in the art are intended to bewithin the scope
of the invention disclosure.

Examples of the disclosure include the following exam-
ples:

[0061]

1. An embolic protection device, said device com-
prising:

a filter body comprising a tubular porous mesh
material having an open upstream end, an open
downstreamend, and a self-sealing port spaced
inwardly from each of said ends, said port com-
prising an expandable opening configured to
conform toat least oneworking catheter passing
therethrough;

a radially collapsible support coupled to a per-
iphery of the downstream end of the filter body;

a catheter body having a distal end coupled to
the radially collapsible support; and

a delivery sheath having a lumen configured to
receive and radially constrain the filter body;

wherein the catheter body may be distally ad-
vanced relative to the delivery sheath to release
the filter body from constraint and to allow the
filter body to radially expand with the support
circumscribing the downstream end of the filter
body and wherein the catheter body may be
distally retracted relative to the delivery sheath
to pull the support and filter body back into the
lumen of the delivery sheath such that the sup-
port radially collapses the downstream end of
the filter body prior to the filter body being drawn
into the lumen.

2. An embolic protection device as in example 1,
wherein the filter body has an open cylindrical cham-
ber between a downstream end of the port and the
downstream end of the filter body.

3. An embolic protection device as in example 1,
wherein the port comprises a wall portion of the
tubular porous mesh material which folds or closes
radially inwardly as other wall portions expand when

released from radial constraint from the delivery
sheath.

4. An embolic protection device as in example 3,
wherein the wall portion inverts to form a port with a
conical opening on a downstream side.

5. An embolic protection device as in example 4,
wherein the inverted wall portion of the tubular por-
ous mesh material has a resiliently closed sleeve
portion extending in an upstream direction from an
apex of the conical opening which defines the ex-
pandable opening of the port.

6. An embolic protection device as in example 3,
wherein the wall portion of the tubular porous mesh
material is radially inwardly collapsed to define the
expandable opening of the port.

7. An embolic protection device as in example 1,
wherein the radially collapsible support comprises a
loop secured around the periphery of the down-
stream end of the filter body.

8. An embolic protection device as in example 7,
wherein the catheter body has at least one deploy-
ment lumen which receives a tether attached to the
radially collapsible support loop.

9. An embolic protection device as in example 7,
wherein the loop is configured as a lasso to allow the
tether to draw the open end of the filter body closed
prior to drawing the filter body into the lumen of the
delivery sheath.

10. An embolic protection device as in example 1,
wherein the radially collapsible support comprises a
scaffold havinganopenend coupled to theperiphery
of the downstream end of the filter body and a con-
stricted end coupled to the distal end of the catheter
body.

11. An embolic protection device as in example 1,
wherein the catheter body includesat least aworking
catheter lumen for advancing a working catheter
therethrough, into the open downstream end of the
filter body, and through the port.

12. An embolic protection device as in example 11,
wherein the catheter body further includes at least a
deployment lumen which receives a tether attached
to the radially collapsible support loop.

13. A luminal emboli capture device comprising:

a filter body comprising a tubular porous mesh
material having an open upstream end, an open
downstream end, and at least a first port spaced
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inwardly from each of said ends, said port com-
prising an expandable opening configured to
conform toat least oneworking catheter passing
therethrough, wherein the filter body has a
downstream open cylindrical chamber between
a downstreamend of the first port and the down-
stream end of the filter body and an upstream
open cylindrical chamber between an upstream
end of the port and the upstream end of the filter
body; and
a catheter body having a distal end coupled to
the downstream end of the filter body.

14. A luminal emboli capture device as in example
13, wherein the porous mesh material comprises a
fabric of knitted, woven, or nonwoven fibers, fila-
ments, or wires having a pore size chosen to prevent
emboli over a predetermined size from passing
through.

15. A luminal emboli capture device as in example
14,wherein the fabric is double-walled over at least a
portion of the tubular porous mesh.

16. An embolic protection device as in example 14,
wherein the porous mesh material is made of a
resilient metal, polymer material, a malleable mate-
rial, a plastically deformablematerial, a shape-mem-
ory material, or combinations thereof.

17. An embolic protection device as in example 14,
wherein theporousmeshmaterial hasananti-throm-
bogenic coating on its surface.

18. An embolic protection device as in example 14,
wherein porous meshmaterial has a pore size in the
range of about 1 mm to about 0.1 mm.

19. A luminal emboli capture device as in example
13, wherein the first port comprises a wall portion of
the tubular porous mesh material which folds or
closes radially inwardly as other wall portions ex-
pand when released from radial constraint.

20. An embolic protection device as in example 19,
wherein the wall portion inverts to form a port with a
conical opening on a downstream side.

21. An embolic protection device as in example 20,
wherein the inverted wall portion of the tubular por-
ous mesh material has a resiliently closed sleeve
portion extending in an upstream direction from an
apex of the conical opening which defines the ex-
pandable opening of the port.

22. An embolic protection device as in example 19,
wherein the wall portion of the tubular porous mesh
material is constricted radially inwardly to define the

expandable opening of the port.

23. An embolic protection device as in example 19,
wherein the tubular porousmeshmaterial includesat
least second port longitudinally spaced-apart from
the first port, wherein the second port comprises a
wall portion of the tubular porous mesh material
which folds or closes radially inwardly as other wall
portions expand when released from radial con-
straint.

24. An embolic protection device as in example 23,
wherein the filter bodyhasancentral opencylindrical
chamber between a downstream end of the first port
and an upstream end of the second port.

25. A clot retrieval system comprising:

an embolic protection device as in example 24;
and
a clot retrieval working catheter having a clot
capture distal end, said catheter being config-
ured to draw retrieved clot in a downstream
direction through the open upstream end on
the filter body into the central chamber.

26.Amethod foradvancingaworkingcatheterovera
patient’s aortic arch, said method comprising:

providing a cylindrical filter body formed at least
partly from a porous mesh which defines a col-
lection chamber for emboli, the filter bodyhaving
an open upstream end, an open downstream
end, a self-sealing port spaced inwardly from
each of said ends, a radially collapsible support
coupled to a periphery of the downstreamend of
the filter body, a radially constrained delivery
configuration, anda radially expandeddeployed
configuration;
advancing a deployment catheter into the aortic
arch, wherein a distal end of the deployment
catheter is attached to the support on the cylind-
rical filter body while the cylindrical filter body
remains in its radially constrained configuration
to position the filter body over the aortic arch;
radially expanding the cylindrical filter body so
that the porous mesh covers the patient’s aortic
side vessels, the upstream end of the filter body
faces the patient’s heart to direct blood flow
through the upstream end and emboli into the
collection chamber, and the support radially ex-
pands to hold the downstream end of the filter
bodyopen,wherein blood free fromemboli flows
through the porous mesh into the aortic side
vessels; and
advancing a first working catheter through the
open downstream end of the filter body and
through the self-sealing port toward the heart.
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27. A method as in example 26, further comprising
advancingasecondworking through theopendown-
stream end of the filter body and through the self-
sealing port toward the heart.

28. A method as in example 27, performing a first
diagnostic or interventional procedure with the first
working catheter and performing a second diagnos-
tic or interventional procedure with the second ca-
theter.

29. A method as in example 28, wherein the first
working catheter is introduced througha lumen in the
deployment catheter and the second working cathe-
ter is introduced in parallel to the deployment cathe-
ter.

30. A method as in example 28, wherein the first
working catheter introduces contrast media to an
interventional site and the second working catheter
performs an interventional procedure.

31. A method as in example 31, wherein the inter-
ventional procedure comprises delivery of a pros-
thetic aortic valve.

32. A method as in example 27, wherein the deploy-
ment catheter is advancedwhile present in adelivery
sheath which radially constrains the cylindrical filter
body, and wherein radially expanding the cylindrical
filter body comprises proximally retracting the deliv-
ery sheath relative to the deployment catheter.

33. A method as in example 32, further comprising
retrieving the radially expanded filter body by retract-
ing the deployment catheter to collapse the radially
collapsible support to close the open downstream
end of the filter body and draw the closed down-
stream end of the filter body into the delivery sheath.

34. A method as in example 33, wherein retracting
the deployment catheter to collapse the radially col-
lapsible support comprises retracting a tether pre-
sent in a lumen of the deployment catheter to first
collapse the radially collapsible support to close the
open downstream end of the filter body and then
retracting the deployment catheter to draw the
closed downstream end of the filter body into the
delivery sheath.

Claims

1. An embolic protection device for placement through
the descending aorta and over the aortic arch to
inhibit emboli release into the aortic side branch
vessels while allowing simultaneous access to the
aortic valve by at least one interventional and/or

diagnostic catheter being introduced from the des-
cending aorta, comprising

a filter body and a deployment catheter body
connected to the filter body,
wherein the filter body comprises a tubular por-
ous mesh material and has an open upstream
end to allow entry of blood flow and emboli and
an open downstream end to allow entry of multi-
ple catheters,
wherein at least one passage for said at least
one interventional and/or diagnostic catheter is
provided in the interior of the filter body,
wherein the filter body includes at least one
catheter access path parallel to said at least
one passage through the filter body, and
wherein said filter body has one ormore support
structures or wires that provide longitudinal stiff-
ness to the device to prevent compression or
movement of the filter during a procedure.

2. The device of claim 1, wherein said wires or support
structures extend over the full length of the device.

3. The device of claim 1, wherein said wires or support
structures extend only for a portion of its length.

4. The device of any one of claims 1 to 3, wherein said
wires or support structures are slidably attached to
an access sheath.

5. Thedeviceofanyoneof claims1 to4,wherein saidat
least one passage is a passage for two or more
catheters simultaneously.

6. The device of any of claims 1 to 5, further comprising
a delivery sheath having a lumen configured to re-
ceive and radially constrain the filter body such that
the deployment catheter body is distally advance-
able relative to thedelivery sheath to release thefilter
body from constraint and to allow the filter body to
radially expand.

7. The device of claim 6, wherein said filter body is
retractable into said delivery sheath for retrieving
said filter body.

8. The device of any of claims 1 to 7, wherein said
porous mesh defines a collection chamber for em-
boli.

9. Thedeviceof anyof claims1 to8,wherein theporous
mesh material comprises a fabric of knitted, woven,
or nonwoven fibers, filaments, or wires having a pore
size chosen to allow blood to pass through but pre-
vent emboli over a predetermined size from passing
through.
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10. Thedeviceof anyof claims1 to9,wherein theporous
mesh material is made of a resilient metal, polymer
material, a malleable material, a plastically deform-
able material, a shape-memory material, or combi-
nations thereof.

11. The device of any of claims 1 to 10, wherein the
porous mesh material has an anti-thrombogenic
coating on its surface.

12. The device of any of claims 1 to 11, wherein the
deployment catheter body is directly or indirectly
connected to the open downstream end of the filter
body.

13. The device of any of claims 1 to 12, wherein said
passage is longitudinally spaced apart from the ca-
theter-access path.

14. The device of any of claims 1 to 13, wherein said
interventional and/or diagnostic catheter is a TAVR
catheter.

15. The device of any of claims 1 to 14, wherein said
device is configured for conventional unilateral or
bilateral femoral artery access.
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